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(54) Underwater cryogenic pipeline system 

(57) An underwater cryogenic pipeline system comprises an insulated underwater pipeline (16} ir> an integral 
open frame (15). The pipeline (16) is anchored to the frame (15) at a plurality of spaced apart locations. 
Pipe-loops or Bellows-type expansion joints (20), which may be of bellows-type construction, between the 
pipe anchors (19) compensate for contraction in the pipeline (16). The frame (15), which is anchored to the 
soil at at least one location, resists axial forces in the system and wave and current loadings. The system 
is preferably fabricated in modules and assembled on site. 




CD 

N> 

00 
CD 

CD 

CJi 



l j v „ t. . 



2188857 




/f 3 £&W 



o 

2188857 




1 



GB 2 186 657 A 1 



SPECIFICATION 

Underwater cryogenic pipeline system 

5 This invention relates to underwater cryogenic 
pipeline systems. The invention finds particular 
application to underwater liquefied naturai gas 
pipeline systems for use in ice infested waters 
to transfer liquefied natural gas between an 

10 onshore production or storage facility and an 
offshore vessel. 

Liquefied natural gas (LNG) is a cryogenic 
liquid. At atmospheric pressure its temperature 
is about -162°C (-26G°F>. The principal de- 

15 sign considerations for LNG pipelines are dis- 
cussed below. First, the pipeline material must 
have sufficient ductility and toughness to be 
usable at cryogenic temperatures. Only alu- 
mium, high nickel content steels and austenitic 

20 stainless steels are suitable. 

The second principal design consideration is 
contraction of the pipeline. An LNG pipeline 
constructed at ambient temperature and filled 
with LNG will contract. For example, a pipeline 

25 made of 304 stainless steel will contract 
about 13 feet per miie when cooled from 
2TC (70°F) to -162°C (-260T). If the pipe- 
line is restrained at both ends and cooled as 
above, the stress resulting from contraction 

30 will exceed the allowable stress in Hie pipeline 
material. The same is true for aluminum and 
high nickel (9%) steels, it is therefore neces- 
sary to have some type of expansion joint for 
compensating for expansion and contraction. 

35 Pipe loops, shown in U.S. Patent No. 

3,379,027 are one well known type of expan- 
sion joint. Others are discussed below. 

U.S. Patent No. 3,388,724 to R. W. Mow- 
ell, et al. and U.S. Patent No. 3,885,595 to 

40 Gibson, et al illustrate bellows type expansion 
joints. Contraction is taken up by a longitudi- 
nal bellows or corrugation in the inner pipe. 
The bellows is constructed out of a material 
that is relatively thinner than the material of 

45 the LNG pipeline so the bellows is free to 
expand and contract axially with respect to 
the LNG pipeline. A variation on the bellows 
expansion joint is snake pipe, such as that 
manufactured by Tokyo Rasenkan Siesakusko, 

50 Ltd. Snake pipe consists of a bellows formed 
cut of relatively thick gauge material. The 
thicker material should yield, increased reliabil- 
ity over thin-walled bellows. However, the 
thick bellows acts as a powerful spring and 

55 will induce higher axial loadings than bellows 
when the snake pipe is compressed axially 
during construction of the system. 

One material, 36 percent nickel steel, also 
known as INVAR, is a candidate for use in 

60 LNG pipelines due to its tow coefficient of 
thermal expansion. Because INVAR has such a 
iow coefficient of thermal expansion, an IN- 
VAR pipe can be restrained at both ends and 
used for LNG service without exceeding allow - 

65 able stress limits for the INVAR, thus the use 



of bellows or expansion loops can be avoided. 
However, experience with large diameter IN- 
VAR pipe is limited and present design codes 
do not include INVAR as cryogenic pipeline 

70 construction material. 

The third principal design consideration as- 
sociated with LNG pipelines is heat transfer. 
LNG pipelines must be well insulated to re- 
duce heat leak and excessive LNG vaporiza- 

75 tion. 

The fourth design consideration is anchor- 
ing. Whenever there is a change in the direc- 
tion of the pipeline, for example when a hori- 
zontal pipe is attached to a riser, the reaction 
80 forces resulting from the hydraulic forces must 
be taken by anchors. Furthermore, the weight 
Of the pipe together with the product needs 
to be anchored independently from the casing 
pipe and insulation. Anchoring is usually ac- 
85 complished by attaching heavy steel or con- 
crete anchors buried in the ground to the pi- 
peline at regular intervals. 

The above problems have been overcome 
with at least some success in aboveground 
90 LNG pipelines. An example is the Brunei LNG 
project pipeline, described in "Brunei LNG 
Plant and Loading Facilities", F. Frieseman, 
Session 4, Paper 3, LNG-2 The Second Inter- 
nationa! Conference and Exhibition, 1970, 
95 Paris, France; and in "An LNG Ship Loading 
Pipeline", R. E. Crowl, Applications of Cryo- 
genic Technology, Volume 4, pages 127-144. 
The Brunei pipeline consists of two 304 stain- 
less steel 18" LNG lines extending about 

100 2-1/2 miles offshore to a tanker loading facil- 
ity. The pipelines are supported above the 
water by a trestle structure. Bellows type ex- 
pansion joints are located every 36.5 meters 
(120 ft.) on the pipeline and the pipeline is 

105 attached to the trestle adjacent the expansion 
joints. 

To ship liquefied natural gas (LNG) by sea, a 
way to transfer LNG between shore-based 
storage tanks and sea-going tankers is re- 

1 10 quired. Where deepwater near-shore port facil- 
ities are available, it may be feasible to con- 
struct an aboveground pipeline from the LNG 
production or storage facility to the dock side. 
In some cases, such as in Brunei, an above- 

1 1 5 water jetty out to the offshore LNG transfer 
facilities can be built. A conventional LNG pi- 
peline is then laid on the jetty. Obviously, this 
approach will not be feasible where LNG load- 
ing facilities must be located far offshore in 

120 deep water or in areas, such as the Arctic, 
where ice movement can impose large forces 
on above water structures. Building a jetty 
strong enough to withstand ice forces would 
probably make this approach too costly. Thus, 

125 an underwater LNG pipeline will be preferred 
when offshore loading facilities are far off- 
shore in deep water or ice infested areas, 
such as the Arctic. 
Three principal systems for underwater tran- 

130 sport of LNG are known. They are the tunnel 
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system, the roller supported retrievable line 
and the INVAR pipeline. Several published arti- 
cles have described the underwater LNG pipe- 
line tunnel constructed at Cove Point, Mary- 
5 land during the late 1970's. The Cove Point 
tunnel consists of a large, approximately one 
mile long, concrete tunnel laid on the sea bed. 
The tunnel contains two passageways for LNG 
lines and a smaller maintenance passageway. 

10 The Cove Point tunnel contains four lines in 
two pairs. Each pair is contained in a separate 
passageway in the tunnel. The maintenance 
passageway is sealed-off from the LNG pass- 
ageways by pressure tight doors. Water infil- 

15 tration into the insulation on the lines is not a 
problem because LNG lines are always dry. 
LNG leaks are readily detected and repairs 
through the access passageway are relatively 
easy. The primary disadvantage of a tunnel 

20 system is that it is extremely expensive to 
construct. 

The second prior art system is the retrieva- 
ble tine. U.S. Patent 3,379,027 describes this 
system in detail. An inner LNG line is sup- 

25 ported on rollers in a large casing so the LNG 
iine can be disconnected and rolled out of the 
casing. The retrievable line could be simpler 
and less expensive than the tunnel. Repairs 
would be made to the lines by retrieving 

30 them. However, there is no history behind this 
system which has never been constructed. 

U.S. Patent No. 4,133,181 to Kotcharian 
proposes a two-section cryogenic pipeline 
from the shore to offshore loading facilities. 

35 The first pipeline section is supported on pil- 
lars above the water level. The pipelines are 
connected together with cross braces to form 
a stiff frame that can span between the pillars 
above the water. The second segment of the 

40 system is connected to the first segment and 
consists of prefabricated underwater pipeline 
segments and a number of spaced-apart pillars 
extending above the surface of the water. The 
underwater pipeline segments are routed up 

45 and over the pillars so the connections be- 
tween the segments can be made above the 
surface of the water. There are several disad- 
vantages with Kotcharian 's system, as fol- 
lows. Kotcharian states that expansion joints 

50 are utilized every 200 meters. Expansion joints 
would be needed every approximately 36 
meters, based on the capabiiity of expansion 
joints currently available. There is no apparent 
advantage to submerging the pipeline, since 

55 the system needs above water pillars to con- 
nect and anchor the underwater segments. 
Kotcharian 's system will probably not work in 
deep water where fabricating the necessary 
pillars would make the system too costly. In 

80 addition, the pillars would make the system 
too costly. In addition, the pillars and the pi- 
pelines are susceptible to damage by moving 
ice in the Arctic. 
According to the invention from one aspect 

65 there is provided an underwater cryogenic pi- 



peline system comprising: 

at least one pipeline for cryogenic fluid com- 
prising an inner pipe for carrying the cryogenic 
fluid, an outer jacket around the inner pipe 

70 defining an annular space therebetween and 
insulation in the annular space; 

an elongate open frame adapted to be laid 
underwater for supporting the pipeline and re- 
sisting forces on the pipeline; 

75 a plurality of the pipe anchors attached to 
the pipeline and to the frame at a plurality of 
locations to transfer axial forces in the inner 
pipe to the frame; and 
means for anchoring the frame to the sea 

80 bed. 

According to the invention from a second 
aspect there is provided an underwater cryo- 
genic pipeline system comprising: 

at least one pipeline for carrying cryogenic 
85 fluid in underwater service, the pipeline includ- 
ing an inner pipe, an outer jacket around the 
inner pipe and defining an annular space be- 
tween the jacket and the pipe, insulation in 
the annular space and a plurality of expansion 
90 joints connected to the inner pipe for accom- 
modating contraction and expansion of the in- 
ner pipe resulting from changes in the temper- 
ature of the inner pipe; 

an elongate open frame having a longitudinal 
95 opening therein adapted to be laid underwater 
for supporting the pipeline and resisting axial 
forces in the pipeline; 

a plurality of pipe anchors attached to the 
pipeline and to the frame in the longitudinal 
100 opening in the frame at a plurality of spaced- 
apart locations, at least one expansion joint 
being located between every two successive 
pipe anchors; and 

at least one ground anchor for attaching the 
105 frame to the sea bed. 

According to the invention from a third as- 
pect there is provided an underwater cryo- 
genic pipeline system comprising: 

at least one pipeline for carrying cryogenic 
110 fluid in underwater service, the pipeline includ- 
ing an inner pipe, an outer jacket around the 
inner pipe and defining an annular space there- 
between, insulating in the annular space, and 
a plurality of expansion joints connected to 
1 15 the inner pipe for compensating for contrac- 
tion of the inner pipe as a result of changes in 
the temperature of the inner pipe; 

at least one vapor return pipeline adapted 
for carrying cryogenic vapors in underwater 
120 service, comprising an inner pipe, an outer 
jacket around the inner pipe defining an annu- 
lar space therebetween, insulation in the annu- 
lar space, and a plurality of expansion joints 
connected to the inner pipe for compensating 
125 for contraction of the inner pipe as a result of 
changes in the temperature of the inner pipe; 

an elongate open frame adapted to be sub- 
merged for supporting the pipelines at the sea 
bed, comprising at least three elongate frame 
130 members configured as an open space frame 
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with a centra! longitudinal opening, and further 
including a plurality of lateral crossrnembers 
connected to the frame adjacent the central 
longitudinal opening; 
5 a plurality of main anchors attached to the 
inner pipes and to the lateral crossrnembers at 
locations on the inner pipes between succes- 
sive expansion joints, so that at least one ex- 
pansion joint is located between each two 
10 successive main anchors; and 

means for anchoring the frame to the sea 
bed- 
According to the invention from a fourth as- 
pect there is provided an underwater cryo- 
15 genie pipeline system comprising: 

— a plurality of interconnected modules, 
each of the modules comprising: 

an elongate open frame section; 

a cryogenic pipeline section comprising an 
20 inner pipe, an outer jacket around the inner 
pipe defining an annular space therebetween, 
and insulation in the annular space; and 

at least one pipe anchor connected to the 
inner pipe and to the frame section in the 
25 longitudinal opening; 

the frame section and cryogenic pipeline 
sections being adapted to be connected to 
similar frame sections and pipeline sections, 
respectively to define a continuous cryogenic 
30 pipeline mounted in a continuous frame; and 

— means for anchoring at least one of the 
modules to the sea bed. 

According to the invention from a fifth as- 
pect there is provided a module for an under- 
35 water cryogenic pipeline system comprising: 

an elongate open frame section having a 
longitudinal opening and ends adapted to be 
connected to the ends of similar frame sec- 
tions; and 

40 a cryogenic pipeline section, comprising an 
inner pipe adapted to be connected to similar 
inner pipes, an outer jacket around the inner 
pipe and defining an annular space, and insula- 
tion in the annular space, and having at least 

45 one pipe anchor connected to the pipeline 
section and to the frame section in the longi- 
tudinal opening, the module being adapted to 
be connected to other modules to define a 
continuous cryogenic pipeline. 

50 The pipeline preferably utilizes conventional 
metal bellows expansion joints at regular inter- 
vals to compensate for contraction. A steel 
water-tight jacket over the insulation and the 
expansion joints prevents water from infiltrat- 

55 ing the insulation. The expansion joints are 
preferably in closely adjacent pairs spaced 
about 73 meters (240 feet) apart. The pipeline 
is anchored to the frame between the expan- 
sion joints so the axial forces in the pipeline 

-SO resulting from contraction and from transient 
hydraulic forces, similar to water hammer, are 
resisted by the frame. This greatly simplifies 
the installation procedure because no or only 
simple anchors are required for the frame to 

85 ground anchoring. Anchoring is usually very 



expensive, especially for Arctic submarine ap- 
plications. The frame also eliminates the 
weakness of the pipeline system at the expan- 
sion joints and withstands the pipeline load- 
70 ings due to hydraulic forces, pipe contraction 
and sea bed anchor forces. It may be laid on 
or under the sea bed using conventional tech- 
niques. 

One principal advantage is that the system 
75 may be prefabricated in modular sections that 
can be transported to the site of the pipeline. 
The modular sections can then be connected 
on-site and laid on or under the sea bed using 
conventional methods. Heavy anchoring is 
80 therefore not needed to transmit pipeline 

forces to the ground, since most of the forces 
will be taken by the truss sytem. When the 
system is installed under the sea bed, i.e. bur- 
ied, further advantages are as follows. The 
85 chance of damage to the system by ice 

"gouging" is reduced. Ice gouging is gouging 
of the sea bed by the submerged portions of 
the large ice features. In addition, when the 
system is buried, friction from the surrounding 
90 soil acts as additional anchoring, which is 
called "virtual anchoring". 

Another principal advantage is that use can 
be made of a conventional metal bellows ex- 
pansion joint design underwater without undue 
95 expansion or reliability problems. 

In one embodiment of the invention, the pi- 
peline is constructed of 36 percent nickel 
steel, or INVAR steel, and thus no expansion 
joints are required. 
100 The invention will be better understood from 
the following description given by way of 
example and with reference to the accom- 
panying drawings, wherein: — 
Figure 1 is a plan view of an underwater 
105 cryogenic pipeline system for transporting LNG 
from a shore-based storage facility to an off- 
shore loading facility. 

Figure 2 is a plan view of a section of a 
preferred embodiment of the invention. 
110 Figure 3 is a perspective view of a triangular 
frame version of the embodiment shown in 
Fig. 2. 

Figura 4 is a partial cross sectional view of 
a main anchor of the embodiment of Fig. 3. 
1 1 5 Figure 5 is a cross sectional view of an 

intermediate anchor of the embodiment of Fig. 
3. 

Figure 6 is a longitudinal cross sectional 
side view of an expansion joint and main an- 
120 chor of the embodiment of the invention 
shown in Fig. 3. 

Figure 7 is a longitudinal cross sectional 
side view of the intermediate anchor of Fig. 5. 
Figure 8 is a side view of a corner module 
125 used in underwater cryogenic pipeline sys- 
tems. 

The following description refers to loading a 
LNG tanker from an onshore storage tank. The 
description applies equally to unloading LNG 
130 tankers, as weH as all similar applications. 
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Fig. 1 illustrates the environment where the 
underwater cryogenic pipeline system is to be 
used. An underwater LNG pipeline system 1 is 
laid on the sea bed extending from a conven- 
5 ttonai shore-based LNG storage tank 3 to an 
offshore loading facility 4. LNG from pro- 
duction facilities {not shown) is supplied to the 
storage tank 3 through a supply pipeline 5. A 
fill valve system 6 in the supply pipeline 5 

10 controls filling of the LNG storage tank. LNG is 
removed from the storage tank through an 
outlet manifold 7. The outlet manifold includes 
an outlet valve system 8 to control flow 
through the pipeline system. The offshore end 

1 5 of the LNG pipeline system 1 is connected to 
conventional LNG loading arms 9 designed to 
mate with the LNG intake manifold system of 
an LNG tanker 10 to fill the LNG tanker. A 
loading valve system may be included to con- 

20 trol flow of the LNG during loading operations. 
Referring to Fig. 2, an elongate frame 15 is 
provided to carry the LNG pipeline 16. The 
frame must be strong enough to carry the 
pipeline and withstand axial loads from the 

25 pipeline and wave and sea bed forces. It is 
fabricated from elongate beams 17 and braces 
18 that are connected to the beams 17 to 
form the frame. 
The pipeline 16 is attached to the frame at 

30 regular intervals by pipe anchors 19. Expan- 
sion joints 20 are located on the pipeline be- 
tween successive pipe anchors 19. The ex- 
pansion joints 20 in Fig. 2 are pipe loops. 
However, any other type of expansion joint 

35 can be substituted for the pipe loops, or 36% 
nickel (INVAR) steel can be used in which 
case no expansion joints are needed. 

The expansion joints 20 are preferably pre- 
loaded before the pipeline is cooled to LNG 

40 operated temperature. The pipe loops 20 are 
preloaded by axially compressing the pipeline 
a preselected amount between successive 
pipe anchors 19 during construction of the 
system. This causes the pipe loop 20 to 

45 close, resulting in a bending stress in the pipe 
loop 20. When the pipeline is cooled to LNG 
operating temperatures, the pipeline between 
successive pipe anchors contracts, opening 
the loop and reducing the bending stress. The 

50 amount of preload is selected to minimize or 
eliminate bending stresses in the expansion 
joint under operating conditions at cryogenic 
temperatures. Before the pipeline is cooled to 
LNG operating temperatures the axiai cornpres- 

55 sive loadings due to the preload are resisted 
by the pipe anchors 19 and the frame 17. 

Fig. 3 illustrates a preferred embodiment of 
the invention. Three longitudinal frame mem- 
bers 17 are connected together by braces 18 

80 to define an open triangular space frame 15 
with a central longitudinal opening. Four cryo- 
genic pipelines 16 are supported in the central 
longitudinal opening of the frame. 
A LNG pipeline system usually includes at 

65 least one vapor return pipeline. The LNG 



liquids loaded into the tanker 10 displace LNG 
vapor in the tanker. The vapor return pipeline 
carries the vapor back to the storage tank 3 
on shore to replace the LNG transferred to the 

70 tanker. The number of LNG liquid lines and 
vapor return lines in a system is chosen based 
on system capacity and other factors. For 
example, spare LNG liquid lines can be pro- 
vided to prevent interruption of loading oper- 

75 ations if it is necessary to take a line out of 
service. Vapor return pipelines can be smaller 
in diameter than a liquid line since the mass 
flow rate of vapor is less than that of the 
liquid. Also, the design requirements for a va- 

80 por return line are less rigorous than for a 
liquid line because the temperature of the va- 
por -120°C (~184=F) is less than LNG liquid 
temperature — 162°C {— 260°F). However, the 
system designer may decide to make all of 

85 the pipelines in the system identical so any 
line can be used for either liquid or vapor 
transfer. 

Preferably, the vapor return lines are identi- 
cal to the LNG liquid lines. In the following 
90 description, only the LNG liquid pipelines 16 
wili be discussed, although the description be- 
low applies equally to vapor return pipelines. 

Each pipeline preferably has pairs of expan- 
sion joints at regular intervals. Main pipe an- 
95 chors are provided between the two expan- 
sion joints in each pair anchor the inner pipe 
to the frame. Intermediate anchors are located 
between successive main anchors so there is 
at least one expansion joint between succes- 
100 sive main and intermediate anchors. The pipe 
anchors are connected to lateral crossmem- 
bers attached to the frame inside the longitu- 
dinal opening. If desired, all the anchors could 
be main anchors, although this is not neces- 
105 sary. 

The length of pipeline between successive 
anchors is a design choice dictated by the 
capabilities of the expansion joints 20 selected 
for use in the system. In a system utilizing a 

110 26 inch (660 mm) nominal inside diameter pi- 
peline, and compatible metal bellows expan- 
sion joints that are commercially available, the 
length between successive anchors 19 would 
preferably be about 36.6 meters {120 feet}. 

115 The mean value of the coefficient of linear 
thermal expansion between 2Q°C {ambient 
conditions) and 162 e C for 304 L ste r. es . 
steel is 15 x 10 SC C. Based on an absolute 
temperature change of 182°C and a length be- 

120 tween anchors of 36.6 meters, the calculated 
axial contraction of the pipeline from ambient 
temperature to LNG service will be 99.9 mm 
{3.93 inch). This amount of contraction can be 
compensated for by metal bellows-type com- 

125 pensators that are presently commercially 
available. 

In addition to linear contraction, it is ex- 
pected some bowing of the pipe wili occur as 
the cryogenic pipelines are brought into ser- 
130 vice. This s because r g startup, as LNG 
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begins to flow through the pipeline, it will not 
completely fill it. Therefore, the bottom of the 
pipeline will be at about the temperature of 
the LNG. The top of the pipe will be at a 
5 higher temperature, about the temperature of 
the superheated LNG vapor. Economic con- 
siderations dictate that during startup a tem- 
perature difference of approximately 60°C 
(108°F) is allowed between the top and bot- 

10 torn of the pipe. As a result, the bottom of 
the pipe will contract more than the top, caus- 
ing bowing. The bowing of the pipe may re- 
sult in angular rotation of the pipe axis at the 
anchor locations of about ±0.26°. About a 1 

15 mm lateral deflection of the pipe in the bel- 
lows compensator can be expected as the re- 
sult of the bowing. Both of these conditions 
can be tolerated by presently commercially 
available bellows compensator units. However, 

20 bowing of the pipe during installation of the 
underwater cryogenic pipeline system should 
also be taken into consideration when the 
frame is designed to ensure that the limits of 
the bellows compensators are not exceeded. 

25 If required as a result of the amount of bow- 
ing expected, it may be necessary to restrain 
the ends of the pipe with some type of guide 
adjacent the expansion joints so that bowing 
does not exceed the amount the joint can 

30 withstand. 

The underwater cryogenic pipeline system 
may be laid on the sea bed as shown in Figs. 
1 and 3, or it may be buried in the sea bed, 
utilizing conventional underwater pipeline con- 

35 struction methods including conventional pipe- 
line weighting techniques. If laid on the sea 
bed, ground anchors 24 may be needed to 
anchor the frame to the sea bed to resist 
wave and current forces. The anchoring re- 

40 quirement is minimal, however, because most 
of the forces are taken by the truss system. 
The ground anchors may be any of the known 
types, such as screw-type anchors or pilings. 
The advantage of laying the pipeline on the 

45 sea bed is easy accessibility for inspection 
and repair, if necessary. The disadvantage is 
the pipeline system is more susceptible to 
damage from ships, such as during anchoring, 
and in the Arctic to damage by moving ice. 

50 if the pipeline is buried in the sea bed, the 
frame functions as a ground anchor. Thus, 
special anchors are not needed. However, 
possible freezing and frost heaving of the soil 
around the system should be investigated. If 

55 necessary, heat tracing may be utilized to pre- 
vent damage resulting from freezing. 

The design of the pipeline system is shown 
in more detail in Figs. 4, 5, 6, 7 and 8. Each 
pipeline 16 comprises an inner pipe 26, an 

60 outer jacket 27 and insulation 28 in the annu- 
lar space between the inner pipe and the 
outer jacket. The insulation can be formed in 
place or preformed and attached around the 
inner pipe. However, in either case, there 

85 should be some small gap between the out- 



side of the inner pipe and the inside of the 
insulation so there can be relative movement 
to prevent cracking of the insulation as a re- 
sult of contraction or expansion of the inner 

70 pipe. The inner pipe 26 is preferably 304L 
stainless steel for cryogenic service. Alterna- 
tively, high nickel steel could be used, subject 
to the considerations relating to its use dis- 
cussed above. 

75 The outer jacket 27 completely encloses the 
inner pipe to prevent water infiltration into the 
insulation space. The outer jacket is preferably 
metal, however, it could be any other suitable 
strong material that will provide a good water 

80 barrier. To prevent deflection of the inner pipe 
and rubbing of the insulation, sliding supports 
29 are attached to the bottom part of the 
insulation 28 at regular intervals, for example 
every 3.66m (12 feet) between anchors. The 

85 sliding supports consist of a semicylindrical 
girdle 30 attached to the bottom of the insula- 
tion by a number of straps 31. On the lower 
part of the girdle 30, a sliding block 32 made 
of high density plastic or similar material is 

90 attached by bolts or rivets 33. The sliding 
block slides on the inner diameter of the 
jacket as the inner pipe contracts and ex- 
pands. 

The expansion joints 20 are conventional. 
95 Each consists of two pipe ends 36, 37 

adapted to be attached to the inner pipe, such 
as by welding. The pipe ends are connected 
by a metal main bellows 38 that allows rela- 
tive axial movement of the pipe ends. An in- 

100 ner housing 39 surrounds the bellows. A sec- 
ond metal bellows 40 connected to an end of 
the inner housing 39 and the outside of one 
pipe end 37 provides a secondary seal in case 
of leakage from the main bellows. The aspan- 

105 sion joint is enclosed in an outer housing 41 
that connects to the outer jacket 27 of the 
pipeline. Insulation 28 also fills the annular 
space between the inner housing 39 and the 
outer housing 41. 

110 A main pipe anchor 45 is located between 
the expansion joints. The main anchor com- 
prises an inner spool 46 adapted to be con- 
nected to the pipe ends of the expansion 
joints. A housing 47 encloses the inner spool 

115 and is connected to the outer housing 41 of 
the expansion joint. The annular space be- 
tween the housing 47 and the inner spooi 46 
is also filled with insulation 28. The inner 
spooi is anchored to the frame 17 at a plural- 

120 ity of lateral crossmembers 48. Support 

beams 49 are attached to the crossmembers 
and extend upwardly through the outer jacket 
to attach to trunnions 50 welded to the inner 
spool. Two pairs of thrust rings 51 are 

125 weided to the inner spooi to strengthen the 
anchor. Each pair of rings is preferably con- 
nected by gussets 52 to increase the strength 
of the connectors, insulating blocks 53 are 
bolted between the trunnions and the support 

130 rings by bolts and nuts 54 to reduce heat 
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loss. The blocks are preferably made of a ma- 
terial strong In compression and having a few 
coefficient of thermal conductivity, such as a 
resin-impregnated wood like "PERMALI" a 
5 product manufactured by Permali, Inc., Mt. 
Pleasant, Pennsylvania. If necessary to mini- 
mize heat loss through the support beams 49, 
the trunnions may be deleted from the anchor 
and the support beams extending upwardly 

10 between the thrust rings. The insulating blocks 
would then be bolted between the support 
beams and the thrust rings 51. Insulation sur- 
rounds the support beams 49 where they 
penetrate the outer jacket. Caps 55 surround 

15 the support beams and enclose the openings 
through which the support beams enter the 
outer jacket 47 to prevent entry of water into 
the outer jacket. 
The intermediate pipe anchors 59 are illus- 

20 trated in Figs. 5 and 7. The intermediate pipe 
anchors consist of an inner spool 60 attached 
to a housing 61, as follows. Two spaeed- 
apart thrust rings 62 are fixed to the outside 
of the pipe spool at about the midpoint of the 

25 spool. Ribs 63 are welded between the two 
rings 62 perpendicular to the longitudinal axis 
of the pipeline for reinforcement. Four annular 
thrust rings are attached to the inside of the 
housing 6 1 . Two of the thrust rings 64, are 

30 located adjacent to and on either side of the 
two thrust rings 62 attached to the inner 
spool. Two backup rings 65 are spaced fur- 
ther away from the rings 62 on the inner 
spool. A number of reinforcing plates 86 are 

35 attached between the two sets of thrust rings 
on the housing 61. Forces are transmitted 
from the inner spool to the housing through 
two insulating rings 67 located between the 
thrust rings on the spool and thrust rings on 

40 the housing. The. insulating rings are held in 
position by a plurality of nuts and bolts 68. 
The insulating rings are also preferably made 
out of a material that is strong in compression 
and has a Sow coefficient of thermal conduc- 

45 tivity such as a resin-impregnated wood. The 
inside of the intermediate anchor is naturally 
also filled with insulating material to reduce 
heat loss. 

The intermediate anchors are supported on 

50 the frame lateral crossmembers 48 by a sad- 
dle block 69. The housing is fixed to the sad- 
dle block, which is fixed to the lateral 
crossmember on. the frame. 
Because of the relatively compiicated design 

55 of the main and intermediate anchors, it is 
preferable that they be shop fabricated and 
delivered as units ready for attachment to the 
inner pipe and outer jacket of the pipeline. 
After the underwater cryogenic pipeline sys- 

60 tern is constructed and installed, the annular 
space between the outer jacket and the inner 
pipe may be fitted with a gas under pressure. 
The filler gas is pressurized to a pressure 
greater than the static pressure of sea water 

65 at the design depth. For example, for a design 



depth of 27 meters (90 feet), a suitable pres- 
sure would be 0.26 MPa (40 psi}. Maintaining 
the pressure in the annuius at this level will 
prevent entry of sea water in the event of any 

70 leaks in the system. Moisture must be kept 
out of the interior of the pipeline since ice 
formation under the insulation can lead to in- 
sulation failure and ice formation in the bel- 
lows could damage the expansion joint. Ab- 

75 sorption of the filler gas into the thermal insu- 
lation will increase the thermal conductivity of 
the insulation. Therefore, the filler gas to be 
used should be selected to minimize the in- 
crease. 

80 Preferably the pipeline system is constructed 
by connecting a plurality of similar modules. 
The modules, indicated by M1 and M2 on 
Figs. 2 and 3, each comprise a frame section 
and a section of the cryogenic pipeline. Natu- 
85 rally, the modules could be any selected 

length or configuration. The preferred configu- 
ration is described below. The preferred mo- 
dule length will to some degree be a function 
of the capability of the expansion joints to 
90 compensate for contraction, as discussed in 
this application above. For a system similar to 
the one illustrated in Fig. 3, the module length 
would preferably be 36.5 meters (120 feet). 
The Ml modules have an intermediate anchor 
95 at about the middle of the pipeline section. 
The 1V12 modules have a main anchor and an 
expansion joint on each side of the main an- 
chor. The modules are adapted to be con- 
nected to adjacent modules to form a continu- 

100 ous pipeline system. Preferably, the ends of 
the modules are located at less complicated 
parts of the pipeline system. Thus, as shown 
in Fig. 3, the ends of the modules are not 
adjacent the anchors or expansion joints, 

105 where connection of the modules would be 
complicated. 

A side view of a typical corner module for 
the pipeline system is shown in Fig. 8. For a 
triangular frame system, the corner module 

1 10 frame 75 would consist of two generally trian- 
gular sections, for example, a riser would have 
one horizontal and one generally vertical sec- 
tion as shown in Fig, 8, intersecting at two 
points A, B and including additional braces 76 

"15 at the intersect" t !?d petine is preferably 
anchored to the corner module frame 75 at at 
least two points adjacent to the bend in the 
pipeline by main anchors 45. Since the hy- 
draulic forces in the pipeline are concentrated 

120 at the bend 77 in the pipeline in the comer 
module, the main anchors used here will likely 
need to be stronger to withstand the hydraulic 
loadings, in addition if needed, a saddle 78 
may be attached to the frame by beams 79, 

125 80 to transfer Forces in the pipeline to the 
frame. The comer module should preferably 
be anchored to the soil or sea bed by any of 
the well known moans, such as by the ground 
anchor 61 shown schematically in Fig. 8. If 

130 the corner module is adjacent a platform, the 
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module can be anchored to the platform. The 
corner module should be connected to the M2 
type modules that have expansion joints so 
that expansion and contraction in the pipeline 
5 system at the comer is compensated. In addi- 
tion, depending upon the design of the sys- 
tem, it may be necessary to add some type 
of expansion joint {not shown) between the 
main anchors to compensate for contraction in 

10 the comer of the pipeline. Naturally, if the in- 
ner pipe is INVAR steel, no expansion joints 
are needed. 

Preferably, a pipeline system would be pre- 
fabricated and delivered to the site in modular 

15 form. A complete cryogenic pipeline system 
may thus be assembled in the field by con- 
necting the modules and the cryogenic pipe- 
line sections. 
In a further embodiment, the invention 

20 would utilize a high nickel steel, such as IN- 
VAR for the inner pipe. This embodiment 
would be identical to the underwater cryo- 
genic pipeline system described above, except 
that no expansion joints would be used on the 

25 inner pipe, for the reasons discussed above. 

CLAIMS 

1 . An underwater cryogenic pipeline sys- 
tem comprising: 

30 at least one pipeline for cryogenic fluid com- 
prising an inner pipe for carrying the cryogenic 
fluid, an outer jacket around the inner pipe 
defining an annular space therebetween and 
insulation in the annular space; 

35 an elongate open frame adapted to be laid 
underwater for supporting the pipeline and re- 
sisting forces on the pipeline; 

a plurality of pipe anchors attached to the 
pipeline and to the frame at a plurality of loca- 

40 tions to transfer axial forces in the inner pipe 
to the frame; and 

means for anchoring the frame to the sea 
bed. 

2. An underwater cryogenic pipeline sys- 
45 tern as claimed in claim T, wherein the frame 

anchoring means comprises at least one 
ground anchor attached to the frame for 
transmitting axial forces in the frame to the 
soil or sea bed. 
50 3. An underwater cryogenic pipeline sys- 
tem as claimed in claim 1 or 2, wherein said 
inner pipe is made of high nickel content 
steel 

4. An underwater cryogenic pipeline sys- 
55 tern as claimed in any preceding claim, 

wherein the pipe anchors comprise a plurality 
of main anchors connected to the inner pipe 
and the frame and a plurality of intermediate 
anchors between the main anchors for attach- 
80 ing the inner pipe to the outer jacket of the 
pipeline. 

5. An underwater cryogenic pipeline sys- 
tem as claimed in any preceding claim, 
wherein the frame comprises a plurality of 

65 elongate frame members and a plurality of 



braces connected to the frame members to 
form an open space frame with a longitudinal 
opening therein and wherein the at least one 
pipeline is located in the longitudinal opening. 

70 6. An underwater cryogenic pipeline sys- 
tem comprising: 

at least one pipeline for carrying cryogenic 
fluid in underwater service, the pipeline includ- 
ing an inner pipe, an outer jacket around the 

75 inner pipe and defining an annular space be- 
tween the jacket and the pipe, insulation in 
the annular space and a plurality of expansion 
joints connected to the inner pipe for accom- 
modating contraction and expansion of the in- 

80 ner pipe resulting from changes in the temper- 
ature of the inner pipe; 

an elongate open frame having a longitudinal 
opening therein adapted to be laid underwater 
for supporting the pipeline and resisting axial 

85 forces in the pipeline; 

a plurality of pipe anchors attached to the 
pipeline and to the frame in the longitudinal 
opening in the frame at a plurality of spaced- 
apart locations, at least one expansion joint 

90 being located between every two successive 
pipe anchors; and 

at least one ground anchor for attaching the 
frame to the sea bed. 

7. An underwater cryogenic pipeline sys- 
95 tem as claimed in claim 6, wherein the pipe 

anchors comprise main anchors attached to 
the inner pipe and to the frame and intermedi- 
ate anchors attached to the inner pipe and the 
outer jacket at a plurality of spaced-apart toca- 
100 tions between successive main anchors. 

8. An underwater cryogenic pipeline sys- 
tem as claimed in claim 6 or 7, wherein the 
expansion joints comprise bellows. 

9. An underwater cryogenic pipeline sys- 
105 tem as claimed in claim 6 or 7, wherein the 

expansion joints comprise pipe loops. 

10. An underwater cryogenic pipeline sys- 
tem as claimed in claim 6, 7 or 8, wherein 
the frame comprises at least three elongate 

1 10 frame members interconnected by braces to 
define an open space frame with a central 
longitudinal opening and further includes a plu- 
rality of lateral crossmembers attached to the 
frame and to the main and intermediate an- 

115 chors at a plurality of locations adjacent the 
longitudinal opening in the frame. 

11. An underwater cryogenic pipeline sys- 
tem as claimed in claim 10, wherein; 

pairs of expansion joints are provided at 
120 successive intervals on the inner pipe of the 
pipeline; and 

the main anchors are connected to the inner 
pipe and to the lateral crossmembers at loca- 
tions on the inner pipe between the two ex- 
125 pansion joints in each pair. 

12. An underwater cryogenic pipeline sys- 
tem as claimed in claim 7 or any one of 
claims 8 to 11 as appended to claim 7, 
wherein the intermediate anchors are located 

130 about midway between successive main an- 
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chore. 

13. An underwater cryogenic pipeline sys- 
tem comprising: 

at ieast one pipeline for carryng cryogenic 
5 fluid in underwater service, the pipeline includ- 
ing an inner pipe, an outer jacket around the 
inner pipe and defining an annular space there- 
between, insulation in the annular space, and 
a plurality of expansion joints connected to 

10 the inner pipe for compensating for contrac- 
tion of the inner pipe as a result of changes in 
the temperature of the inner pipe; 

at least one vapor return pipeline adapted 
for carrying cryogenic vapors in underwater 

15 service, comprising an inner pipe, an outer 
jacket around the inner pipe defining an annu- 
lar space therebetween, insulation in the annu- 
lar space, and a plurality of expansion joints 
connected to the inner pipe for compensating 

20 for contraction of the inner pipe as a result of 
changes in the temperature of the inner pipe; 

an elongate open frame adapted to be sub- 
merged for supporting the pipelines at the sea 
bed, comprising at ieast three elongate frame 

25 members configured as an open space frame 
with a central longitudinal opening, and further 
including a plurality of lateral crossmernbers 
connected to the frame adjacent the central 
longitudinal opening; 

30 a plurality of main anchors attached to the 
inner pipes and to the lateral crossmernbers at 
locations on the inner pipes between succes- 
sive expansion joints, so that at ieast one ex- 
pansion joint is located between each two 

35 successive main anchors; and 

means for anchoring the frame to the sea 
bed. 

14. An underwater cryogenic pipeline sys- 
tem as claimed in claim 13, further including a 

40 plurality of intermediate anchors connected to 
the inner pipes and to the outer jackets and 
located between successive main anchors on 
the inner pipes. 

15. An underwater cryogenic pipeline sys- 
45 tern as claimed in claim 13 or 14, wherein: 

the expansion joints comprise adjacent pairs 
of expansion joints connected to the inner 
pipes; and 

a main anchor is located between the two 
50 expansion joints in each pair. 

16. An underwater cryogenic pipeline sys- 
tem as claimed in claim 13, 14 or 15, 
wherein the frame is generally triangular in 
cross section. 

55 17. An underwater cryogenic pipeline sys- 
tem comprising: 

— a plurality of interconnected modules, 
each of the modules comprising: 
an elongate open frame section; 
60 a cryogenic pipeline section comprising an 
inner pipe, an outer jacket around the inner 
pipe defining an annular space therebetween, 
and insulation- in the annular space; and 
at least one pipe anchor connected to the 
©5 inner pipe and to the frame section in the 



longitudinal opening; 

the frame section and cryogenic pipeline 
sections being adapted to be connected to 
similar frame sections and pipeline sections, 
70 respectively to define a continuous cyrogenic 
pipetine mounted in a continuous frame; and 

— means for anchoring at least one of the 
modules to the sea bed. 

18. An underwater cryogenic pipeline sys- 
75 tern as claimed in claim 17, further including a 

plurality of pipe anchors connected to the in- 
ner pipe and the outer jacket. 

19. An underwater cryogenic pipeline sys- 
tem as claimed in claim 17 or 18, wherein the 

80 inner pipe is high nickel content steel. 

20. An underwater cryogenic pipeline sys- 
tem as claimed in claim 17, 18 or 19, includ- 
ing a plurality of expansion joints connected to 
the inner pipe, the continuous pipeline defined 

85 by the modules having at least one expansion 
joint between successive pipe anchors. 

21. An underwater cryogenic pipeline sys- 
tem as claimed in claim 18, or in claims 19 or 
20 as appended to claim 18, wherein: 

90 the pipe anchors comprise main anchors 
connected to the inner pipe and the frame and 
intermediate anchors connected to the inner 
pipe and the outer jacket; and 
the modules comprise first modules includ- 

95 ing two expansion joints and a main anchor 
between the expansion joints and second mo- 
dules including an intermediate anchor, the 
first and second modules being adapted to be 
connected to form a continuous cryogenic pi- 
100 peline in a continuous frame. 

22. An underwater cryogenic pipeline sys- 
tem as claimed in any one of claims 17 to 
21, wherein the frame section comprises: 

at least three elongate frame members; 
105 a plurality of braces connected to the elon- 
gate frame members to form an elongate 
open space frame section; and 

at least one lateral crossmember connected 
to the frame section and adapted to be con- 
1 10 nected to the inner pipe of the pipeline sec- 
tion to locate the pipeline section in the longi- 
tudinal opening. 

23. An underwater cryogenic pipeline sys- 
tem as claimed in claim 22, wherein the frame 

115 section comprises three frame members and 
is triangular in cross section. 

24. A module for an underwater cryogenic 
pipetine system comprising: 

an elongate open frame section having a 
120 longitudinal opening and ends adapted to be 
connected to the ends of similar frame sec- 
tions; and 

a cryogenic pipeline section, comprising an 
Inner pipe adapted to be connected to similar 

125 inner pipes, an outer jacket around the inner 
pipe and defining an annular space, and insula- 
tion in the annular space, and having at least 
one pipe anchor connected to the pipeline 
section and to the frame section in the longi- 

130 tudinal opening, the module being adapted to 
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be connected to other modules to define a 
continuous cryogenic pipeline. 

25. A module as claimed in claim 24, 
wherein the inner pipe is high nickel content 

5 steel. 

26. A module as claimed in 24 or 25, 
wherein the anchor is a main anchor con- 
nected to the inner pipe and to the frame and 
the module includes an expansion joint con- 

10 nected to the inner pipe. 

27. A module as claimed in claim 26, in- 
cluding at least two expansion joints, there 
being a main anchor between the expansion 
joints. 

15 28. A module as claimed in claim 24 or 
25, wherein the anchor is an intermediate an- 
chor connected to the inner pipe and the 
outer jacket. 

29. A module as claimed in claims 26, 27 
20 or 28, wherein the frame section comprises: 

a plurality of elongate frame members; 

a plurality of braces connected to the frame 
members to form an elongate open space 
frame; and 

25 at least one lateral crossmember connected 
to the frame for connection to the main an- 
chor to locate the pipeline section in the longi- 
tudinal opening of the frame section. 

30. A module as claimed in claim 29, 
30 wherein the frame section comprises three 

frame members and is triangular in cross sec- 
tion. 

31. A module as claimed in any one of 
claims 26 to 30, wherein the expansion joint 

35 comprises bellows. 

32. A module as claimed in any one of 
claims 26 to 30, wherein the expansion joint 
comprises a pipe loop. 

33. An underwater cryogenic pipeline sys- 
40 tern substantially as hereinbefore described 

with reference to the accompanying drawings. 
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